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Flaw  Oerection  of  Pressure  Vessels  oy  Lasei — 
Molograpnic  Non-Destrucr i ve  Detection  (NOT)  Technique 

Zheng  Znong-Zneng 

Peking  Institute  of  Chemical  Engineering 

The  preliminary  results  of  the  lasei — holographic  non¬ 
destructive  flaw  detection  tests  of  vessels  with  simulated 
flaws  under  hydraulic  pressure  are  reported  in  this  paper. 
The  analysis  and  comparison  of  the  oeformative 
interference  fringes  of  several  types  of  flaw  shapes  and 
the  rules  of  formation  can  oe  used  as  references  for  the 
judgement  of  the  character f st I cs  and  sizes  of  flaws  in  the 
vessel  under  detection. 

Large  quantities  of  vessels  with  welded  structure  are 
used  in  me  chemical  industry.  Since  the  60's, 
the  scale  of  production  tends  to  De  large;  most 
vessels  are  made  with  high-strength,  low-ailoy  staihless 
steels.  Because  the  traditional  methods  of  flaw  detection 
have  certain  limitations,  also  Because  we  hope  to  oe  able 
to  attain  quantitative  detection  results  in  order  to 
calculate  the  safety  criteria  of  the  flaw  sizes,  cased 
on  the  cracking  mechanics,  the  laser-holographic  flaw- 
oetection  method  has  some  prominent  advantages. 

1 


in  this  paper,  we  report  the  preliminary  testing 
results,  ana  the  analysis  ana  summary  of  the  formation 


rules  of  the  interference  fringes  of  alfferent  flaw 
Shapes.  Accoraing  to  our  testing  results,  we  founa  that  it 
is  possiDie  to  attain  useful  quantitative  information  from 
the  aeformat i ve  fringes  unaer  some  special  conaitions.  The 
repetition  of  the  results  is  also  very  gooa. 

The  Testing  Arrangement,  Testing  Samples,  ana 
Testing  Methoa 

The  testing  uses  the  common  aouD I e-exposurea 
holographic  arrangement.  The  light  source  is  a  25  mw  He-Ne 
I aser . Due  to  the c I osea  feature  of  the  vessels,  we  used  a 
nyarau M c  methoa  to  apply  pressure  to  the  vessels.  The 
first  exposure  is  maae  when  the  hyaraulic  pressure  Is 
attainea  at  the  scneauiea  value  ana  the  secona  exposure  is 
maae  after  the  pressure  has  oeen  releasea. 

We  used  small  vessels  of  lCrl8Ni9T1  stainless  steel 
with  simulated  flaws  in  the  inner  wall  as  testing  samples. 
Each  vessel  has  semi -cy l i naers  A  ana  6,  ana  in  each  semi- 
cylinder  different  ring- 1  ike  and  axial  grooves,  with 
aifferent  depths  ana  widths,  were  cut  (Fig.  i.  ana  Table 
1  .  ) . 
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NO .  of  PI ane 


Orientation 


Width  of  Flaw 


Depth  of 


Our  inn  me  Testing,  one  or  tne  eno  or  rne  sample 
ver=,ei  was  ciamnea  nor  i  r^onta  i  I  y  in  a  v  i  prat  i  on- 1  so  i  area 
otarform,  ana  rne  otner  ena  (sealing  ena)  was  connecrea 
wirn  tne  testina  pressure  pump  py  a  riexipie  water  tupe  to 
aon I y  nyarau i 1 c  pressure. 

In  oroer  to  attain  a  good  basis  for  comparison  of  all 
rne  noiograonic  nictures  it  is  necessary  to  use  tne  same 
optical  oarn  arrangement .  rnerefore  we  arrarige*a  tne 
i 1  tumi nation  ana  ooserving  airections  as  fixed  in  the 
norisontai  pianes  of  tne  axial  tine  of  tne  vessels,  ana 
made  tnem  over  tanning  witn  tne  normal  a i rent  ion  or  the  axis  or 
intersecting  it  witn  a  small  angle  to  compensate  tne  axial 
movement  aue  to  tne  ciamnlng  ana  water  tuoe,  tnus  making 
fne  COUP  I  f'-evDosurea  nolograpnic  pictures  of  tne  fiaw-rree 
vessels  nave  uniform,  symmetric  fiat -oval  fringes  or 
interference.  (  fio.?.'). 

Attention  snouio  oe  naio  that  there  should  be  no 
anv  tiny  aisniacement  of  tne  rigia  noay  auring  tne 
exDosure  process-.  For  example,  un-tigntenea  clamping  or 
tne  vessel,  too  fast  unioaainn  or  loaning  of  tne  pressure, 
etc.  will  cause  an  increase  of  tne  fringe  numper  ana 
crvjnge  of  tne  fringe  snanes. 

*  It  IS  mistaken  as  fin.  l  in  tne  original  i.;nincse 
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Fig.  2 

Fig.  2.  Double  ejqxjsure  hologram  of  flawless  pressure  vessel  jp-iooks/cn*^ 

Aitnounn  rn f s  aoes  nor  inriuence  tne  guaifrattve 

tuanemenr  oF  rne  oosirion  ana  area  of  rne  f lawst  it 

I  of  the  fla^.j 

nas  influence  if  we  try  to  Quantitatively  Juage  tne  shape^( 
orientations  ano  sizes  of  tne  flaws.  Fig. 3  is  a  SKetcn  of 
tne  arrangement  of  the  light  route. Tne  ratio  or  i i got 
intensities,  ana  tne  exposure  parameters  are  aii  witnin 
rne  normal  range. 
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Fig.  3 

Fig.  3.  Light  route  arrangement  diagram. 
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Tof  Analysis  of  rne  iesrina  Kesuits 


Tnp  test  i  no  is  none  unaer  aifi-erpni:  pressure  loadings 
(  lU  -  20U  kq/cm'^  witn  steo  lu  kn/cm^ )  .  Tne  aoun  I  e- 
evDosurea  noioaraonic  oicrures  were  maae  for  tne  two 
sem  i -cy  I  i  naers  from  tne  outsioe  for  earn  testing  vess.-i, 
ana  earn  picture  includes  tne  interference  fringes  of  tne 
'eft  ana  rignt-siae  flaws.  We  attained  8  groups  ot 
noiograonic  pictures  aitogetner.  We  a  i  so  ob.tainea  tne 
nouD  I  e-exposurea  holographic’  Pictures  of  a  flaw-free, 
inner  pressurea  vessel  to  offer  tne  basis  of  comparison. 

1  . Vne  analysis  of  tne  nolograpnic  pattern  of  flaw- 
free,  i nner-pressureo  vessels. 

for  tne  tn i n-wa i i -cy i i naer  vessels  (tnat  is:  tne 
ratio  of  tne  outsiae  aiameter  to  tne  inner  aiameter  l . 2 
nr  tne  ratio  of  wa  i  i  tnickness  to  tne  inner  aicjmeter  ^ 
i/iu),  accorainn  to  rne  zero-toroue  tneory,  we  Know  tnat 
wnen  tne  inner  wall  unaergoes  a  uniform  inner-pressure  in 
rne  vessel  noay  at  tne  miadie  of  tne  cvi inner,  tne 
diametrical  expansion  ana  axial  srretrn  win  De  generated 
,-)s  per  the  following  formulas: 

f'r^ 

Tne  diametrical  oispiacement  is:  W  =  (  Z  -  )  - 

ZtS 


fr 

i  ne  cjxiai  displacement  is:  Li  =  (  i  -  Hyi  )  — -  — 'X 


I  HP  =^^rresses  at  tne  cyiinner  Doay  are  as  foi  lows: 

Q" 

I ne  r I no-a I rerr I  on  stress:  I  =  - 

S 

-  ,  .  .  or, 

I ne  ax  1  a  I  a i rerr i on  stress :  ^  =  - 

2S 

here:  h  is  me  pressure,  r  is  me  aiameter  cf  tne 
cviinaer,  “j  is  me  micKness  or  tne  cylinder  wail,  £  is 
Tne  modulus  of  elasticity  of  tne  material,  ju.  is  tne  Poisson 
roefficient  of  tne  material  (usually  eaua i s  to  0.3).  and  x 
is  tne  axial  cooroinate  of  tne  vessel. 

We  can  know  from  tne  tnese  formulas  mat  tne  axial 
oisoiacement  cnanges  witn  X.  At  tne  position  of  X  =  r,  tne 
axial  o I  so » acement  is  a  ouarter  or  me  oiametrical 
o i sp I acement ,  and  tne  r i na-oi rect i on  stress  in  tne 
rv ! i noer  wall  is  twice  tne  axial  stress. 

According  to  tne  principle  ot  interference,  we  Know 
rnar  me  or  f  c-ntat  i  on  of  me  fringes  is  perpendicular  to 
a  i  recti  on  of  tne  deformation.  Tnerefore.  me  horizontal 
fringes  in  f  i  g ,  2  snow  me  diametrical  expansion  of  tne 
vessel,  ann  tne  vertical  fringes  snow  tne  deformation  in 
rne  axial  direct  ion.  because  tne  interference  fringes  ar® 
me  trace  witn  tne  same  ooticai-patn  difference,  tnerefore 
tt-ie  fringes  usually  snow  tne  tne  total  displacement 
andwiii  snow  tne  single-direction  displacement  only  in 
some  special  conditions,  hut  it  is  vet  nossinie  tnat  trip 


nre'^enTpa  s  mn  i  e-a  i  recrl  on  a  i  sp  i  acemenr  also  cou  I  o  oe  tne 
rr-suiT  of  rnu  I  r  i -C!  f  rpcr  i ona  I  a i  sp  i acemenr  .  Therefore, 
comDininn  rne  onys i ca i  meaning,  it  neeas  furtner  analysis 
ana  a i sr i ngu i sn i nq . 

usual  IV,  in  we  want  to  calculate  the  value  of 

Displacement  at  some  position  of  tne  Doay.  we  snouia  Know 

tne  oroers  of  tne  fringes,  but  for  tne  Diametrical 

expansion  ana  tne  axial  srretcn  of  tne  flaw-free  pressure 

vf-ssei  ,  mere  is  no  f ixeo  point*  There  is  no  zero 

orner  fringe,  but  oecause  tne  a i recti  on  of  Diametrical 

Displacement  is  Known  ana  is  tne  major  a i sp i acement ,  we  can 

use  the  anove  optical  arrangement  to  oDtain  noiograpnic 

(Figure  2) 

patterns  of  rne  vessels.^ Ana  tne  group  of  tne  norizontai 
fringes  of  tne  mioDie  part  of  tne  vessel,  except  tne  Dotn 
enc’s  wnicn  are  infiuencea  ny  tne  Dounaaries,  is  a 
rri.m  i  f  estar  i  on  of  tne  uniform  aiametricai  expansion  of  tne 
vessel;  earn  fringe  is  reoatea  to  rne  aiametricai 
Displacement  unaer  some  loaa.  But  oecause  of  tne  viewing- 
nifference  in  rne  oiane  view  only  tne  fringes  in  tne  avis 
are  truly  re  I  area  to  tne  real  value  of  the  axial 
Displacement.  The  aiametricai  a ispi acement  re i area  ny  tne 
norironrai  fringes  wnicn  are  outsiae  of  tne  vessel  axis 
varins  wim  cosine  of  trie  central  angle  of  tne  rrinne. 
unoer  a  remain  loao,  tne  aiametricai  a  ispi  acement  of  tne 
vessel  Ccin  nf  r.^icuiateo  with  the  above  formulas,  iner^rore. 


tne  fringes  of  me  holographic  pattern  at  the  axis,  under 
the  same  load,  are  correlated  to  the  values  of  such 
displacement.  When  the  aeformative  fringes  are  due  to  the  exist 
ence  of  the  flaws,  the  oef ormat i ve  fringes  nave  the  same 
characteristics  as  descrioea  aoove.  New  frihges  will  oe 
geherated  in  tne  positions  with  big  deformatioh,  making 
the  number  of  fringes  (and  orders)  increase.  Because 
tne  displacement  difference  of  each  order  of  fringe  is 
equal  to  the  half  wavelength  of  the  laser  light, 
the  absolute  displacement  can  be  known  by 

calculating  tne  related  position  of  the  deformat ive 
fringes  and  the  increase  of  the  order  at  the  point 
concerned.  This  basic  understanding  can  be  used  as  a  base 
to  analyse  the  oef ormat i ve  fringes  described  below: 

2.  The  analysis  of  the  holograghic  patterns  of  the 
ring-direction  grooves 

Fig.  4  Is  the  A-plane  doub I e-exposur ed  holographic 
pattern  of  vessel  #1,  with  a  load  of  eiO  kg/cm^.  From  the 
fringe  we  can  see  the  originally  very  fiat  oval  fringes  at 
tne  middle  part  of  the  vessel  have  un-cont i nuous 
aeformative  fringes  at  positions  of  the  ring-direction 
grooves  at  both  vessel  sides.  'Closed'  oval  oeformat  i  ve 

fringes  appear  at  tne  centers  of  the  grooves  and  at  their 
left  and  right-sides.  At  the  upper  and  lower  ends  of  tne 
grooves,  V-snape  valleys  with  different  width  appear  in 


rne  picture,  me  width  or  the  opening  of  the  v-snape  is 
same  as  tne  measured  width  of  the  amove.  The  outmost  part 
of  the  V-shaoe  fringes  is  a  man f f estat i on  of  tne  length  of 
the  groove.  Tne  centerwara  fringes  mean  that  the  order  of 
tne  fringes  is  increasing,  a  result  of  tne  increased 
deformation.  And  tne  Increase  of  the  order  of  the 
oef ormat i ve  fringes  is  a  result  of  tne  increase  of  tne 
load.  But  tne  order  of  tne  deformat  I ve  fringes  of  tne  wide 
nroove  at  tne  riant  side  is  1-2  orders  higher  tnan  that  of 
tne  left  side,  snowing  the  difference  cau^d  by  the 
wide  groove  and  tne  large  deformation.  The  upright  shape 
and  tne  symmetric  curvatures  of  the  new-generateo 
oof ormat i ve  fringes  mean  that  tne  axial  deformation  is  tne 
major  one.  This  is  consistent  with  tne  actual  situation 
rnat  tne  left  side  and  riant  side  of  tne  vessel,  at  tne 
ring-direction  grooves  and  under  inner  pressure,  wi I i 
nenerate  additional  axial  displacement  with  opposite 
directions.  Tne  distr lout  ion  of  vertical  fringes  is  a 
record  of  tne  regions  wnicn  win  undergo  deformation  wnen 
tne  grooves  are  under  pressure. 

fig.  5  is  tne  B-piane  noiograpnic  pattern  of  the 
vesse I  ^ I •  I ne  i oad  is  a l so  nu  Kg/cm^  ^  can  see  from  the 
figure  that  at  tne  centers  of  tne  grooves  no  closed  oval 
fringes  are  formed,  nut  tne  V— snaoe  fringi*s  necome  more 
vertical  and  snarp.  We  can  juane  tne  width  ana  length  or 


tne  groove  from  tne  size  of  the  opening  and  the  shape  of 
the  valley  of  tne  V-ifke  fringe.  Tne  left  side  has  a  one 
order  increase  compared  with  tne  right  side.  Tne 
oeformative  fringes  at  the  inside  of  the  two  grooves  in 
Fig.  5  nave  one  a  oneorder  :rease  compared  with  tne  outside 
ones.  This  situation  can  De  explained  by  tne  stress 
concentration  at  tne  narrow  groove.  The  vertical  fringes 
at  tne  left  groove  in  Fig.  5  are  very  dense.  This  means  the 
gradient  of  the  axial  strain  Is  large  and  the  one-order 
less  for  tne  outside  fringes  is  due  to  tne  influence  of 
tne  boundary  conditions  at  the  two  ends. 

Tne  comparison  of  tne  above  holographic  patterns 
uncovers  tne  different  characteristics  of  tne  deformation 
fringes  of  grooves  with  different  widths. 


3.  The  analysis  of  the  holographic  patterns  of  the 
axial  grooves. 

Fig.  6  and  7  are  the  A  and  6-plane  holographic 
patterns  of  vessel  #3.  The  loads  are  ail  40  Kg/cm2^  j^an 
see  from  tne  Figures  that  the  correspondence  of  the 
deformative  fringes  and  the  actual  positions  of  the 
grooves  are  very  good,  and  a1 l  are  closed  ovals.  The 
increase  of  tne  fringe  orders  is  very  fast.  This  truly 
reflects  the  character i st I cs  of  the  axial  grooves 
which  are  easily  deformed  and  will  produce  ring-direction 
displacement  deformation,  under  very  small  load 
(lOKg/cm^),  the  deformative  fringes  are  very  clear.  When 
the  load  increases  the  upper  and  lower  sides  also  appear  as 
Closed  fringes  and  this  gives  out  the  true  characteristics 
of  the  longitudinal  expansion  of  the  axial  grooves.  Under 
large  load,  the  numoer  of  closed  ovals  increase.  The  long 
axis  of  the  outermost  oval  usually  exceeds  the  actual  length 
of  the  groove;  this  is  the  result  of  the  correlated 
deformation.  But  tne  distance  between  the  oval  fringes 
formed  oy  correlated  deformation  will  certainly  be 
widened.  Tnerefore,  only  taking  the  long  axis  of  the  oval 
with  uniform  fringe  distance  at  the  both  ends,  we  can 
decide  the  length  of  the  flaw  accurately. 
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Hre I i m i nary  Resuirs 


Laser  noiograony  as  a  recnniaue  of  non-aesrrucr i ve 
aerecrion  is  able  to  be  applied  to  the  flaw  detection 
of  rnin-waii  vessels.  Tne  results  snow  tne  aisrrfDution  of 
aisDiacement  of  tne  wnoie  fieia.  It  can  oe  usea  not  oniy 
to  snow  reiiaoiy  tne  positions  of  tne  flaws  Dy  tne 
aef ormat i ve  fringes  of  interference.  Put  also  can  De  usea 
to  aeciae  tne  orientation  planes  ana  tne  sirres  of  tne 
flaws.  Tne  total  aeformarive  aispiacements  at  tne  flaws  can 
also  oe  estimatea  oy  tne  analysis  of  tne  fringes  of  tne 
wnoie  field  to  attain  semi -quant i tat i ve  results.  Tnis 
tecrinioue  can  also  oe  usea  to  snow  tne  cnaracter  i  st  i  cs  of 
tne  aeformation  ana  tne  region  of  tne  influence.  Tnerefore 
it  can  De  consioerea  for  tne  application  to  the  structural 
ana  I  ys  i  s  of  vessels,  sucn  as  tne  studies  of  the  regional 
loan  ano  concentration  of  tne  stress,  etc.  But  tne  results 
of  tnis  paper  are  nasea  on  artificially  simuiatea 

flaws. This  is  of  course  mucn  more  simple  tnan  tne 
comoiicatea  real  flaws.  But  tne  already  attainea  results 
ana  experience  will  certainly  oe  va i uao i e  for  practical 
aoD I i cat i ons . 
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FLA^  DETECTION  OF  PRESSURE  VESSELS  BY 
LASER  HOLOGRAPHIC  NDT  TECHNIQUE 

Ouitt  ZhoniXhmn 

<Bel/<nx  ItutUMU  o/  CMmkai  rcohnolosy) 


f  Four  simulative  flawed  pressure  vesKla  are  subjected  to  b/firaulic  pressure  for  the 
■det^bn  by  laser  bolofrapbic  method.  The  characteristic  of  the  Iriage  patterns  due  ip 
the  deformation  of  the  flaws  provides  some  valuabk  iafotasatioa  which  caa  be  applied 
ao  evaluate  the  behavior  aad  size  of  practical  flaws  in  pressure  vessels.^  y 
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